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*©BflfftS:45EtSo fciS, d©i:£ti*li§ (2) 1 

*©£&ttl+&tTfc-5o 

[ 0 0 3 9 ] C©cfc?t~, *3IJEi5iJtCcttLi±\ Sl2©f& 

itis®WL&i%£*&it£-&2>zbiz&t), nizmmm 
m t mm l tz t~- a % #w ^ «t o a» u 1 7t 

liit&ZttfZ'ZZtzlsb, tfcSLffi^S:ttSS<fPS-JT- 

[ 0 0 4 0 ] H5«i*l6SS©^4^iE<?aM^S^BrH^ 
^-v>^M©±g^©1S6£^7f>t^5£lftB J §[lT*^ 

[0041] mimmimt, mmmzmkitt^mm 

[ 0 0 4 2 ] H5 iC^-Tcfc-ptC, Ttffil^ ^-v>^*g 
B(±, fS^©H^5 It C©@£S5 5 l©|4.^fp]M 
»»RlffiTfe!5, ^tftffiSI (1)5, ifetftUiS (2) 

6, S^rJ'jy-^ (1) 7, 3U/-# (2) 8^f^) 
KUfc$fe3S«Ja;gB5 2i:SHiT^5o BulS^ttSti 

(1) 5, Tfe^ati (2) 6, W3^-^ (1) 

7, (2) 8(±, ftmm&b 2^0)^0 
&Btc[i££nT£^ ^SffieEgPS 2©5t^ffl!JicJi7 I G 

^iiiit ztztTLim^rt^y^ bti&msswb 3* s 

iSB$nTUi) 0 C©ilH^W5 3©5£S8®(i, SuK^ 
'J^-^ (1.) 7t3'J^-^ (2) 8©^ffl©S^(C 
filltoiio iulBTfeSiSffieEgSS 2©^Sg®tia^a5 5 
1 fccMtctiU 5feiBffleEgP5 2 SBuS«cf*»tS3*14aJ 
*J"5 4A s l&(j-6tlTl^o tUt>%, C©gIT"(i, iS 
0^5 3 1 t~^©±JT}g^^#, ^SgfiSSi 

§P5 2 5:«tt^* 1 *ffl©^tfcic-&to-tT»l&^^5c: i: 
C J: 5 , a^gPtJ 5 3 1 t©}gttH 1 

©«H) ^icBulBn';.^-^ (1) 7t3'J^-^ 

(2) 8©7t$Eti©^^t^^>cl:ai:fil^^nTc^o S 
fc, i?jgdS^ai5 1 l±, ffl«bSS5 2M(t:l 

m w l > ^i&Tis t s fe ©las l * i ^ x - y izm 
^Nitenxt^o Tt.f^*^ (i)5, M&thm 


( 6 

9 

( 2 ) 6 a, muss ( i ) is, t§ms (2)19 eg 

& o 

[0 0 4 3] W±©«t5lc»EE-r-&Ci:tc e tt), tttftft 

1 vmi&mcmte v / - # d) 7i3iM-* 

(2) 8 &5fctf>, *«UiSS (1)5, 

^tftHJS (2) 6tt, St-*ttft*ffli:SULfcH:-A 
# 7t <ffl t © £ £ 5 tB M L A £ tft if! * S c i: # 
5. Z.<Dtztbs «affi»S:»JKfi<»fflT-§, 

aiK^ffii&SBSfeiSrlt -5 - i:& < gatcao£ffilc 

[ 0 0 4 4] 06«±**M©»5"3ifflBf!ltC^5^l8rl>f 

[ 0.0 4 5 ] *aPA(i5 , c(ZtBBSL/fc^gi 5 F2 - 2 5 9 
9 1 4-ttc*i^T, ^Sffl^T*l!SrtM8g[*Jg|50Bflfft 
£*«>SgB£:ffi*LTUS. S5HffliW{i, ^2HM 
^JC^L/:5ltt^fiJiL/:^f^J£&, WEAK .20 

[ 0 0 4 6] H6C^-r«t-5i-, Ttifl^ ^-^>^S 
ffltt, f*Bl*Ij»§§5 5tCjfA1-£fflll©Jf 6 5:11 
*fcI*)*lJS5 7£:, ^X#£!SWU *©5*f#«fc»9 

[ 0 0 4 7 ] Jf ASB5 6(±, 9^M';^7t£ft«rtK§5 

-Y K 5 9 t, mZfflM^)lsZyt*WXffi<DftmfflS 6 a 
© R Jl * [Si ic HkSsW t i> ^ II Rlt^d: cfc -5 M PHM 
#©li3t6 0lc|llS$tiferuXA6 1 tSOS^T^ 
So SuS2*¥6 Oii, 6 2 J: D3Siil$nfc[elfc$S ' 

#0fer&C^CJ:oT7 o 'jXA6 1#[1&U TtaSSB 

5 6 acDR^^fpl^BS^M^^^^^g^^^^^t.;^ 

oTUSo 6 2(C(±x>3-^6 4* s aia^*lT 40 

[ 0 0 4 8 ] BuIB^Y h#<f K5 9fcX'JXA6 1 £:© 
fiStCfct, HuI2ftKl*Ifflg|5 5(cRBftf^nT^©ai*ct 
t>" f*I £ KM L T # fc 7t- £ t^ttl 1 £ fc &M£i§88 © 

6 7 7t- - * x > '/ U >X66^ miSBS W^cofftH J . £ ft 
S if*ft S:fli-yiK1' * =3 'J ^ - 57 6 7 <h #fii& L £ nt l > 
So 7t-t/>^l/>X66(t fuIBWl£ftMi§5 5 
tft&MmS 8 i: ©giSlic WFBLT, 7 tf-rt^l^U 50 
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>X6 6©^£{4fi£f|l&£tf £7> Kb'-^-> 
®#6 9±tcEB£ftTi5?K C©7 7^.7>Ft:-^ 
>MI§6 9lc(±*-* 7 Oct !5 3itB$nfe@]gtt^Jg^ 
^tlTi^o f&t>%, 7 O^Hfeti)- iliCct 

fbti>«t9(c&oT^5o ^-9 1 0l:ttx>a-^7 

ic$ospgB6 sicjg^sn, 7 ovmmm^mm 

fiB©«#A*£ft£«fc5tcfcoTi>£o 
[0 0 4 9] '^t, ftflr£B5 8(c&, * h 'J-£** 
^38 i 5f#6hfe^;u^S^«i: 5miIS?fctBl!fa6 8 £ 

immms 5 fc©jE«E£»j£*£Sijffligfi6 5 ^ 

l3*JWgfi6 5^6©iEBfs^(c X 6 2,70 

£IMSU X'JXA 6 1 *-%>sy>fl< >X6 

6££ffii*i*£fEl&SB7 2, 7 3t#&tte>ftTU 

5 o 

[0 0 5 0] £6tc, *gfi tc (±[*i^ 

[ 0 0 5 1 ] *tc, *H»[)©f^i:ouTift0^tSo 
/^;i,7ix-^3 1 J: t)tB*rufe^;i/^^(±|5]^— Hfflig 
>f hyt/'Y K 5 9©^C^fiJ©7 r -f ^"*5 9 aicag 

n s c c $ n tz ^ )i 7s % &mmm tc cfc s mi tc 

«t D^r^^Jic^g <i£* s ^t Li^o :ct\ c:©^;i/ 
^A05I[*S7^-*>'>^I/ >X6 6 £-3 'J * 

6 7£iiL;T, leJ/C'-Httji©^^ h^W K 5 9T-g^ 

t %££{-&*), mmft^zmifcMLzztzftcDo 
m^nmzmt «t -5 ic *w±S5WLT§fe7ti±* 

'tifPJ|0 7T>r 9 aT\ H^SfeSiiC^I" i O iCTfcW 

6©«tB?nfcS»AS»W^B5 8l:«^U ^ft^' 

f,U7T^M'5 9 b"CtfetHTt5if*^*±|5l-(Ci$^LT 

[0052] %LT, mmme stct 5s*r^;b^^ 

Iffi6 8hf«£r*3f3i§§5 5i:«^l+It§o C©» 
!±i^ntSg^icmUT, 7ai--*x>^U >X6 6© 

mm^ftmm^m £&%<£? izmmm 1 3 n 
)^^%m^£(o^t^(D%m^^ti^ 0 

[ 0 0 5 3 ] ttz, msmmi 2(Cj;oT^-^ 6 2 & 
IESjU X'JXA6 1 £®e£-e£c:i:T% M;u^^g; 
f*ASB5 6©!W].^fp]{c^S^^So c©^4UTf#6ft 
fc ft £■: 4o (t S £St ^' ;i 7> 7t© mm^m Z S (c 3 
> t l a-^ 4 2 c^lrfft^fiiM^L-, -itT^KN 3C* 

[ 0 0 5 4 ] C©ct-5(C, 7 ^-7J v>^'U >X6 6 © 


( 7 ) 

11 

a c i: tc «t o t ^ m2 mmm t mm \z%mi<DW$m 

* k*E l >!SH tc £ If SCt^TlSo 
[ 0 0 5 5 ] H7(i*:|60^©^6^SS^ic^i)7 I cKl^ 
^ - v > ^B©««iS:^t*BSiffiWlg|-e 5 o 

[0056] memmim±s m2mmim^jiy^(D{ j t io 

[ 0 0 5 7 ] [ITC^tcfc^C, ^$frl^-v>^g 
2J: DiiiSteftfc^iS^fciu *lHJEf?!li:|5l«(c, 

7^7-1 3t-swdn-r*tftf*i tcsB*f$n?>o 20 

$+ft^i^J&T:fo&tZft&&% (1) 8 4S(>' 
(2) 8 5#IS:tt£*u cn^^fttBtloofu^icii^ 'J 
^-^ (1) 7, (2) 8#ES£ftTO 

[ 0 0 5 8 ] luiHA«tai8g (D 8 4, ( 2 ) 8 5(t 

gui3i6ffiS8 3 ^^LTtiiaj^nfe^atas^t 
%mmimw (D 8 6&m£M&*&SM (2) 8 7 
ic * ft -e ft it ^ * ft t t > £ o z ft e> © a ta tft «s s 

( 1 ) 8 6, (2) 8 7(i, fi[ffl1*}S^ftfctb*fi^S: 30 
S|fj6StSCi:T-«aBlc^S:«i»JtSfB^«ia««8 

?^^ftU5C^^Tl^c 
[ 0 0 5 9 ] i:m E^L&utf, lyiEUfcHJEffil 
kHOflUc, k^ffiti (1)8 4, (2)85 

t(Dmi^-^t^^ (zm^moMiim^mmt 
[0060] minmmiz7rsLtzmm<D±oiz^ 

[ 0 0 6 1 ] £t\ #6*£SS8 3 t-C i *9 1 G-^l^fig© 

a^ft^sis^^-y-So c©a¥fi^(-:j;D^iagi8 

2£SEi&-r§i:* 9tffi8 1 9 tBWLfc3*Se^A}fc 
liiiJ:^ 1 G^;i/^TSa^SS$ftSo c:<7)gI8#£:S£ 
fjH* 1 izfflMtZt, 9tWiU,(Dtz^R^^^umM^t 

(o&m ft tti o z (D&m <d r ft t & ssiE l t niEfjs 

i:|5]^(.:pSER$ftfc^l*tt38§ ( 1 ) 8 4, ( 2 ) 8 5 T 

im j ,u ^n^hoMmmnzimmimm d) 8 

6, (2) 8 7T*mm&bTY&ti J jt%o 

[0062] zzt*. mm^mmrik&^iitzmm so 
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fttftf'Utf 1 0«T-$)ft^©Paicjttr3t©B§8t(± 1 
8. 7 5mmt'Wc t), £S#©fiffi£1&m-r S 
C i: T- 1> fulB ' < # £ E i> fc HSEt?!l k ^mmtm 
6ft£ 0 Lis *ft^ft©{4fl1&j£SB (1) 8 6, 

(2) 8 izmbhtzimzm^^mmms sr-siwa 

a C k -C»fSL«^tf #Pffl * ft^ ESIJfttttc *f*S L fz 
mmfrfiHMfeZhZo ;ftSSi:3>ta-? 4 2T 

[ 0 0 6 3 ] C^ctoi:, ^IHASffl^fcii&tctS^T 

*k ^)ix%zm^tzm£t®mizmizzfrm&&< 

[ 0 0 6 4 ] 0 8(±**WO*7HJEfflHc^5^Bfl-f 

[ 0 0 6 5 ] ft*, At ^otrx *tf^Dtf>, f-h 
£ d - A ii'CDffi^SaWg £ ij£ 1" % m £ , 2-4Sg 
©^©^^^TttD^TtS^^^s ^ft^'ftOPg^JgC 

M(i2o(Z)*S©M E ;b^j I 6?:fflUTs Suffix* tr> 
[ 0 0 6 6 ] H8lc^T«fc?^ 3tKl^/-v>^S 

^;u^u-if9 it mz>v\'xyt (?KfiA0) ^s^b 

fe* U -if ( 1 ) 9 2 (SS Al ) Xtffi* U - if 
(2) 9 3 (jSSA2 ) k^flxTt^o ifc, 
U-+f9 l©mjSMi±, «SA0 cd^;u^^S 2^1" 5 
m-7^*7-9 4^IEB^ftT4o f 9s fe»U-if (2) 
9 3©fu^i:^s Al ijctt^AZ CD^iU^^SBSFSKltc 

-9 S^Efi^ftT^So 415^ H + ©^f-f 9 6«±7;i/ 
^ ^ k ^^fl *tLt*5l}^7-T*$)Sc huIB-^ ft ^ft 

S ^ -M- T S^-ft 1 (c $ ft a i d C & o T l ^£ c 

[ 0 0 6 7 ] m^mM$h%^)izjitmmi 

tat^is >xt t i >^-;u^e>^^n u ^-^ 9 7 k> 
aia*&srf«ftAi kA2 kc^ita^w ^ < 

= 7-9 8tA s El^ftti^c fit, ff5§3^Il]£ft 
fe^ft^ftc0iliji7 l c4^abL, 7t«±©^i:7t«i^©^ 

T- 2*CD7r>f ^*(C^I0$ftTO§ Y^«©7^ h±i' 
>f K ( 1 ) 9 9Sl>"^^ F^F(2) 10 O^AItt 
W^iI5t§ct'5i-:ES^ftTi^ 0 ::t\ ^HiLfc 
M u ^^^^0#^^(:rft^Uct^Cmjl3^^ K 
( 1 ) 9 9 t"? 1 biJ'<< K ( 2) 10 0(7)7 i>4 J mi* 

[ 0 0 6 8 ] itz, {fcltiZhtzZh^hoj'^iizKoM 
?AfrMmi%mi£tZ>Z h =7 3 8lfi±, ^2 
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[0 0 6 9 ] Z<D&mmX*i&s tt, !f 9 1 

£m-7^-9 4Cct t) 2#U -SfcfcfeSK U— tf 
(1) 9 2(C, fc^-iSfct&JKU — if (2) 9 3iCRg« 

£cfctfA2 &Bei-5o ^LT, fuSSAl iScfctf A2 © 
Us V< >7 a -f v 5 X 9 8tSgA 1 © 

?fi^(-:»fitt§o se>tc, ^n^n^^^Ttic^tu, it 

70^F ( 1 ) 9 9*3 cfc^^-Y h ±f K (2) 10 
OTSt^U :0^MJ-^^3'8C2|<o^ 
b U-^#^ 3 8i-Cti|i]B$(C 4-3<Dyt'VlZ$$rAfrm 

mt&'ftbti. ^n^n©^&jffla^H4 lTiifltjBf 20 

[ 0 0 7 0] ZCD&olZ, 2^>(D^(D^)l7^m^ 

Schick, gRfTi-::tett£^^p tf>^oDig»fiaw 
3 9 fc^aeBtici® UT^i 

[ 0 0 7 1 ] ^ K^f4)f&& 

gtttttftftl ^6©SSJ3tS«iairs ±-5tcg»ffl!licE 30 

[ 0 0 7 2 ] hC5T", 4f*liaE©JB}/f*(±^^.* (n 
= 1.0) fcit^ ffjn=l. 4 iiXg^flSr^to - 
© fe tb, % & ($ o X (C ft*18E© ct ^ 

tZtztb, *i±SPA(±^P¥ 3 - 6 0 8 0 l^icisu 

f]lBMW©£ib(c J: S mm £ WP £ # £ *S £ 15 5E b 
TtlffiK * - v > I- Sffi L tz m into 

[ 0 0 7 3 ] M 9 1 0 lifll^ifii'Bfc £<D*M EMS 
©!^I8rt-jiUfcSfi©(?!lT"$)i>o I9(i*^ y-v>^ 
t£SE £ tT -5 If XgP5feSgSB© tS EE & ^ U T i ^ c 

[ 0 0 7 4 ] ffiXS^aSSP 1 1 1 W4fcJ8fflC(J, *Sifi 
ffi^L ^HJl&MUW cfc D * S K -i- yftO'MVtm 1 
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*i«f*i 1 Atmm^i^u^oizmtz^fix^^o ^u 
x, m^izimmmmi 1 4^tiSDUT^ftiii 1 
zirnbtv, mmstsi 1 3t?&SFts«fc5tcts- 

^ ( c J; D > TtttlW® 1 1 5htKfll§§Sl® 1 1 6 ^ODF^ 
&1BS»81 1 3 fc^U^tf*£TS«fc?tc&oT^ 

ft£»£;:i:tf??£o #Hi»Hl 1 Settle 

[ 0 0 7 5 ] *tc, HI 0fe#SHLT*W©SfiNB(Coo 
TlftB^tSo [11 0(±ijl3#Ag|i^SgBl 1 

[ 0 0 7 6 ] »XSB5feS8»l 1 1 H6C^Ufe^ 

BJSrSHStSo »Ag|S5feSBgB.l 1 1 ©7fe3Bffi!ll±^i 

A s 2iiRltE«:«t'5i--i2WSBtf 1 1 7T^biiTUSo 
[ 0 0 7 7 ] fJiSUfe^^i:. ifflSWl 1 7©^ffl'Ji: 

i±3#ttsgi 1 2* s saite>nT*5, c^sssii 1 2 

J±, 5tSBSB(±ff$i«l 1 9tcJ:oT»«iaH:*l 2 0 
tc«fc9Jf AasftJSSU 1 lCK^iiTi^o Sfc, 3* 
ffiffitl 1 2|*It-SiJfl51 1 4^^^fc^co^a-7"l 2 
l^fflAasrt^ffiiiLTiJ?), JfeJBffllttWttMl 1 2^ 

tciigauTuSo ^a-ri 2 icD^3gfflaic{±7jc«i 2 

2#H&tt&*lT*5^ SffiJlSl 14^ift$tlTl^o 
7X«1 2 2(C(im>7°l 2 3^tS^^nT^D, ^>7° 
1 2 3&fi^^ii-S-i:tc«t OSfttMl 1 2f^](7)^ijM 
1 1 4^ti^ti> ct^C^otl^o 
[ 0 0 7 8] gEKigtcWA-rSRgtctt, l¥AU£o<fc 
a(c3#tt)Kl 1 2 i*iSB©^IBfa 1 1 4(i^> 7°l 2 3 i: 
9t&mWl LbtW&mi I 2i:*sfflS 
UKi:^i)o iPM©Pg(ci±, zK« 1 2 2 rt^ffif 1 

HI 1 2 fti-iiffi U SlttRl 1 2 4^EMS1 1 3^ 

mmtztxmmm 1 1 4 s:3ft£Ji 1 1 2 tyttamw 1 

1 5-i:©Ffl(c«fe-rc ccD«t^(-, gJSlgglRHl 1 6 

h^ttsii 1 2 ^©p^cp^r^^^u, t&to*>, TttBi* 

a 1 1 5 fc^EKSSffl 1 1 6 J:<Z)IST-Bff¥©gfbtf 

[0079] ttz, *&mAimm¥ 2 - 2 5 9 9 1 6 

^rga^ifgiuT^So mi 1 MHuiPufcjBrr*©^b 
i - «t s ft * $ * s * s & Wtt t- ^ u Mgg, m x. « 

1 ^«C>S l*l i:*C il U fc TtHS 1< * - v > ^® t: Sffl 

[ 0 0 8 0 ] ^©^BrlB-f ^-^>^«ffii±, frKrt 
BiSClf A1-S«fll^©}f ASB1 3 1 £ y COWASBl 3 
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x-*£SJST5fctoffASISl 3 lfcftiggBl 3 3£t£ 

s-r5£se»«B.i 3 4t, mm&&<Dtz&<D9tm 

36B13 5i:> l5E»*fSIIBl 3 2tcgSIS$ix, *Br» - 
ft£St^-r£^^H 1 3 6 i:£Hx.Ti^o 
[ 0 0 8 1 ] iiug2Jf ASP 1 3 1 fcL tt&rtllglcjf A rJ 

^<t^Cc5*ttKl 3 7#iSWe>ftT;fc!3, 3H4J81 3 7 
l*|g|5i;(±i8S4:«LUJi#f*©«««l 1 4*Wc£ft 10 
^ct^C^^Ti^c Sfe, 565895 13 3 (ct±, ii^<Z) 

mmm^(Dtztb<Dm%mi 3 9 , pmh 0, km 
mt&zmfct&tz&xDmfcmi 4 1, iu'i3«sffif« 1 1 4 

SDSUi, Hfi§lt5^^>*^ 1 4 2#|ft(te>;h,TU£a 
I5I3^*>*;H 4 2 tiff ASP 1 3 1 [*j£ff3I£fi£f- 
4 3 h^iIbT06 0 3CD<ftiR 

(i, mmmi 1 4*Wc£nt7Wi 1 4 4t, *>7i 

4 5 J: 518eE^tifc*gaj^fi«SEa 1 4 6CJg^^ 

[ 0 0 8 2 ] mtzmmm 1 4 0 tca^ o^fu7 20 

#lg£^n, C©7^ h^i'i' F 1 4 7 (iff Ap{5 1 3 1 1*) 
SffiiUT^ilgSH 1 3 btz&mZftZo z<D&ffiMS. 

13 bit, mwJtz&Mth^'syi 4 8 zoimm 

hi34 Y 1 4 7i:^7tTi>l- >X1 4 9 <h£f/ii 
xti^c Jf;, lulBfBSSSl 3 9(-(±-S^L*i^iBg 

-yij'-f Fl 5 0©SjSgaA s EB^ flTH§o ^ ^-v 
#V K 1 5 Oii, ffAffll 3 1 rt&ffjiLTflSBtcjglfi 

u>xi 5 1 ^m^tzm&i 5 2(cjg^$n§ 0 

[ 0 0 8 3 ] gtjffiSJ'^^ 1 4 1 £1 ti&Ttffi 77^U5 30 

3 tf*ffl770U 5 4 0-^}g^£ft, i^ffl? 

fs^-rsen^u-if 1 s 6(1, s^»77^u 5 4 

©^S(iU>71 5 7 & ^LT#£KfiS#»?fflj£t6 

h g-^*^ 1 5 simmmmi 5 9(c^^tix* 

?K 7 h U-^^y ^ 1 5 8 (Ccfc t)»e>hfcB#Pi^g¥S 
Bfi, «LSSB1 5 9Til*«!ia^nifrlft3!) s S«S$ 

ffll^E 1.6 OtfKlteftT*!), ffuKti^fibU — tf 1 5 40 
6 , JiPl^ffi 15 9, Tk&Wimm 1 3 4 £$!]SP LTSS 

1 » & b m -m t <d iz &m % * £ $j£ * ^ctic & 
[008 4] iijatLfcui o©(?iit: p^ih:, mmmi 1 

4 $r3*tSM 1 3 7rttciSfctCi:T-^©S«f$:fifi<- i-5 
ClTi^o <*El*lKgg(cffA1-§Pg(c(±, SAUlu 
lor^mmi 3 7rt^$g§nfU l 4 i±»S§l^ii, 3S 
tztflM 1 3 7 ^TtSffia* 1 3 3 C L *fflg k&oTl^, 

ffi"J5£©PglC (i^ * > 7 1 4 5 C i 5 zk« 14 4fi 
©SiiliS 1 1 4 £^a-7 14 3, 7^ 1 4 2 £ 50 
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a i;t »ttK 1 3 7 i*ncam u swsh i 3 7 ^aj^ss 

{516 1 (caga-f S*T-j»feto ^LT, $J££fHizl 6 
1 i:3iUKl 3 7 J:©BtcHtHtf&i\ t6bi, MS 

mi 41 tm&miL 1 6 1 t'omx'&tfimomibifi'pu 
ffis^<7tia±©7t^j;i>'7ti^(Z)^&^a-ri) 

[ 0 0 8 5 ] HI 2lCjfeBrH/ft$rf#5fe«)©^7T : <^- 

®^s5*ttiST-aofc«a©wis^-ro cwj?<i, ff 

ASB1 3 1 tc#KBfi£f#5fe#©#7;M>U 625: 

ff at£t^>*^ 1 6 3m%at>nz^% 0 Sfe, bu 

830 1 .Hc^UfcWfelsHSlc, S«S51 3 9»W8f!)§& 

1 4 0#§3tt£ftTi^o itulS^ >*;b 1 6 3 [*jtc 
(i, -£#$fc*8gi5 1 3' 3 i ^iilU ffe** s 7X« 1 4 4 

1 6 4 lul3^-7 1 6 4[*]£:ff 
iiUfc^;i/A*©j^S^.S:^>6:-57t7r ^ 1 6 2 
Ea^iaTi^o Sfc, 1513^-7 16 4(7)^^13 
3 i t3^tBLfegB^(c:(±, »I1 6 5^77^m" 1 
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SPECIFICATION 

[TITLE OF THE INVENTION] Optical Tomographic Imaging Device 
Using Spatial Differences 
[ABSTRACT] 

[Object] To always obtain an excellent tomographic image with 
excellent resolution by detecting light emitted from the 
intersection of the surface of an object to be examined and 
the beam's optical axis and suppressing scattered light 
components with excellent accuracy. 

[Composition] A light beam is irradiated onto an object 1 to 
be examined from light source 4, and light transmitted through 
the object 1 to be examined are detected by photodetector (1) 
5 disposed on the optical axis of this beam and photodetector 
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(2) disposed on an axis at a predetermined angle from the 
optical axis of the beam. At this time, the distances between 
the photodetectors 5 and 6 and the object 1 to be examined are 
measured by rangefinding light source 12, line sensor 11, and 
control unit 16, and based on the distances, X stage 9 is moved 
by drive unit 17 to displace the photodetectors 5 and 6, whereby 
the light from the intersection of the optical axis and the 
surface of the object to be examined is always detected by the 
photodetectors. Then, a tomographic image of the object to be 
examined is reconstructed by differential amplifier 20 and 
computer 22 and displayed on the display unit 23. 
[WHAT IS CLAIMED IS;] 

[Claim 1] An optical tomographic imaging device using a spatial 
difference, comprising: 

a light source for generating a light beam which is irradiated 
onto an object to be examined; 

a first photodetector which is disposed on the optical axis 
of .the light beam to detect light transmitted through the object 
to be examined or light reflected from the inside of the object 
to be examined; 

a second photodetector which is disposed on an axis at a 
predetermined angle from the optical axis of the light beam 
to detect light transmitted through the object to be examined 
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or light reflected from the inside of the object to be examined; 
a rangef inding means for measuring distances between the first 
and second photodetectors and the object to be examined; 
a position control means which displaces the second 
photodetector based on the distances detected by the 
rangef inding means so that the second photodetector detects 
light from the intersection of the optical axis and the surface 
of the object to be examined; and 

a tomographic image generation means which operates an output 
of the first photodetector and - an output of the second 
photodetector, and generates tomographic image information of 
the object to be examined based on the result of operation. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to an 
optical tomographic imaging device which is suitable for 
imaging information about tissue and organs inside a living 
body by using light. 
[0002] 

[Prior Arts] Light within a range from red to near infrared 
light has properties, that is, high permeability into living 
body tissue, high absorbability into substances such as 
hemoglobin, myoglobin, and cytochrome oxidizing enzymes which 
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govern oxygen metabolism inside a living body, and 
changeability in the absorption spectrum corresponding to the 
bonded condition between the substances and oxygen. By using 
such properties, a device for calculating oxygen metabolism 
inside a living body is disclosed in US - Patent No. 4223 680. 
[0003] Recently, a method effective for the measurement of 
metabolic distribution of the organs inside a living body and 
the diagnosis of cancers has been proposed, in which oxygen 
metabolism information inside a living body is shown as a 
tomographic image or fluoroscopic image. For example, in 
Japanese Unexamined Patent Publication No. Hei-60-72542 , a 
device effective for diagnosis of organic disorder such as 
interruption in the circulation is disclosed, in which an 
algorithm similar to the X-ray CT is used to obtain a 2D 
tomographic image of oxygen concentration in hemoglobin, 
myoglobin, and cytochrome oxidizing enzymes inside a living 
body. Furthermore, in Japanese Patent Publication No. Hei- 
2-50733, a device for the diagnosis of breast cancer which 
appears in the breast of a woman by means of near infrared 
spectrum is disclosed. 

[0004] In a case where an external measurement is made by using 
light and the inside of a living body is shown as "a 2D 
distribution image or local information in order to obtain 
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information on tissue inside the living body, the irradiated 
light is greatly scattered by the skin and internal tissue of 
the living body and spreads over a wide range, resulting in 
great deterioration in spatial resolution. Therefore, the 
present applicant has proposed a method of suppressing light 
scattering in order to obtain a tomographic image with high 
spatial resolution in Japanese Patent Applications No. 
Hei-2-81552 and No. Hei-2-119468 . 

[0005] A device to be used for this method is comprised of a 
first photodetector which is disposed above the extension of 
the optical axis of a light beam irradiated onto an object to 
be examined at the transmission side of the object to be 
examined to detect light on the optical axis of the light beam; 
a second photodetector which is disposed at a predetermined 
angle from the optical axis to detect light scattered at a 
certain angle with respect to the optical axis at the 
intersection of the surface of the photodetector side of the 
object to be examined and the optical axis, and a means for 
suppressing the scattered components by differentiating the 
optical outputs of the photodetectors . That is, since the first 
photodetector .detects rectilinear components which have 
advanced straight to the object to be examined and have been 
slightly transmitted through the object and scattered 
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components which have been scattered inside the object to be 
examined, and the second photodetector detects scattered 
components that passed through the same optical path as that 
of the abovementioned scattered components, the scattered 
components are eliminated by deducting the components detected 
by the two photodetector s , whereby only the rectilinear 
components can be detected. 
[0006] 

.[Themes to be Solved by the Invention] However, in the prior-art 
device, if the distances between the surface at the detection 
side of an' object to be examined and photodetectors change, 
the light that exited from the intersection of the surface at 
the -detection side of the object to be examined and the light 
beam's optical axis cannot be detected by the second 
photodetector. Therefore, the scattered components detected 
by the first photodetector and the scattered components 
detected by the second photodetector do not coincide with each 
other, and an error occurs between them, so that an obtained 
tomographic image deteriorates . 

[0007] The present invention is made in view of the above 
circumstances, and the object thereof is to provide an optical 
tomographic imaging device by which light that exited from the 
intersection of the surface of an object to be examined and 
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the optical axis of an irradiated light beam is detected 
regardless of the distances between the object to be examined 
and the photodetectors , whereby scattered light components can 
be suppressed with, excellent accuracy, and a tomographic image 
with excellent resolution can be- easily obtained. 
[0008] 

[Means for Solving Themes] The optical tomographic imaging 
device of the invention comprises: a light source for 
generating a light beam which is irradiated onto an object to 
be examined; a first photodetector which is disposed on the 
optical axis of the light beam to detect light transmitted 
through the object to be examined or light reflected from the 
inside of the object to be examined; a second photodetector 
which is disposed on an axis at a predetermined angle from the 
optical axis of the light beam to detect light transmitted ~ 
through the object to be examined or light reflected from the 
inside of the object to be examined; a rangef indirig means for 
measuring the distances between the first and second 
photodetectors and the object to be examined; a position 
control means for displacing the second photodetector based 
on the distances detected by the rangef inding means so that 
the second photodetector detects the light from the 
intersection of the optical axis and the surface of the object 
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to be examined; and a tomographic image generation means which 
operates the output of the first photodetector and the output 
of the second photodetector, and generates tomographic image 
information of the object to be examined based on the results 
of operation . 
[0009] 

[Action] A light beam is irradiated onto an object to be 
examined by a light source, and light transmitted through the 
object to be examined or light reflected from the inside of 
the object to be examined is detected by the first photodetector 
disposed on the optical axis of the beam and the second 
photodetector disposed on an axis at a predetermined angle from 
the optical axis of the beam. At this time, the distances 
between the first and second photodetectors and the object to 
be examined are measured by the rangefinding means, and the 
second photodetector is displaced by the position control means 
based on the measured distances so that the light from the 
intersection of the optical axis and the surface of the object 
to be examined is detected by the respective photodetectors. 
Then, the output of the first photodetector and the output of 
the second photodetector are operated by the tomographic image 
generation means, and tomographic image information of the 
object to be examined is generated based on the results of 
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operation. 
[0010] 

[Preferred Embodiments] Hereinafter, the- embodiments of the 
invention shall be described with reference to the drawings. 
Fig. 1 is a construction explanatory view showing the 
construction of the optical tomographic imaging device 
relating to the first embodiment of the invention. 
[0011] The first embodiment shows an example in which an object 
1 to be examined is placed on an object stage for examination 
comprised of X stage 2 and 9 stage 3, a light beam is irradiated 
from the light source (1) 4 on the object to be examined, and 
a tomographic image is obtained from transmitted light. 
[0012] The light source (1) 4 generates a wavelength with high 
optical permeability into the object 1 to be examined, for 
example, a light beam within the near infrared range in the 
case of living body tissue, and irradiates the light beam on 
the object 1 to be examined, and photodetector (1) 5 and 
photodetector (2) 6 which detect light transmitted through the 
object 1 to be examined are provided at positions opposite to 
the light source (1) 4. 

[0013] Collimator (1) 7 and collimator (2) 8 which restrict 
the incident angle in order to eliminate extra light such as 
foreign light are provided immediately before the 
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photodetectors (1) 5 and (2) 6. These photode tec tors (1) 5 and 
(2) 6 and collimators (1) 7 and (2) 8 are placed on X stage 
9 for photodetectors which is movable in the direction of the 
optical axis of the light beam irradiated from the light source 

(1) 4. The photodetector (1) 5 is disposed on the optical axis 
of the light beam, and the photodetector (2) 6 is disposed on 
an axis at a predetermined angle from the optical axis of the 
light beam. Furthermore, on the X stage 9, lens 10 and line 
sensor 11 are provided, and these and rangef inding light source 

(2) 12 comprise a rangef inding means for measuring the 
distances between the photodetectors (1) 5 and (2) 6 and the 
transmission side of the object 1 to be examined. The symbol 
13 shows a half mirror or diachronic mirror in order to match 
the optical axis of the light source (1) 4 and the optical axis 
of the light source (2) 12 with each other. At the front side 
of the collimators (1) 7 and (2) 8, optical filter (1) 14 is 
disposed to eliminate light of .the rangef inding light source 
(2) 12, and optical filter (2) 15 is disposed at the front side 
of the lens 10 . to eliminate light of the light source (1) 4. 
[0014] In addition, a position control means is provided which 
is comprised of control unit 16 for controlling the positions 
of the photodetectors (1) 5 and (2) 6 and drive unit (3) 17 
for driving the X stage 9 including the photodetectors (1) 5 
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and (2) 6, wherein the distances between the object 1 to be 
examined and photodetectors (1) 5 and (2) 6 are detected by 
the control unit 16 from a signal obtained from the line sensor 
11; drive signals are outputted to the drive unit (3) 17 in 
order to make the distances constant, and the positions of the 
photodetectors (1) 5 and (2) 6 are displaced by driving the 
X stage 9. 

[0015] On the other hand, at the output sides of the 
photodetectors (1) 5 and (2) 6, amplifier (1) 18 and amplifier 

(2) 19, which weight the angle formed between the 
photodetectors and correct the sensitivity with respect to'the 
outputs of the photodetectors, and differential amplifier 20, 
which suppress light scattered components and detects 
rectilinear components by taking the difference between the 
outputs of the amplifiers (1) 18 and (2) 19, are provided. The 
output end of this differential amplifier 20 is connected via 
A/D converter 21 to computer 22 which execute various 
processing for reconstructing an optical tomographic image, 
whereby an optical tomographic image is reconstructed from the 
rectilinear components obtained by the differential amplifier 
20, and displayed on display unit 23. 

[0016] Furthermore, drive unit.(l) 2 4 and drive unit (2) 2 5 
are provided to move and rotate the object 1 to be examined 
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in order to measure data necessary for reconstruction of the 
optical tomographic image, and are connected, respectively, 
to the X stage 2 and 9 stage 3 for an object to be examined 
which are driven by the drive units. 

[0017] Next, action of ,the present embodiment shall be 
described. First, if near infrared light generated by the light 
source (1) 4 is irradiated onto the object 1 to be examined 
which is living body tissue, the near infrared light is 
transmitted while spreading due to scattering. If such 
transmitted light which has spatially spread is detected by 
the photodetector (1) 5 correctly positioned on the optical 
axis and the photodetector (2) 6 disposed at a predetermined 
angle with respect to the intersection of the optical axis and 
the surface at the transmission side of the object 1 to be 
examined, rectilinear components which have advanced straight 
inside the object to be examined and scattered components which 
have scattered are detected by the photodetector (1) 5 on the 
optical axis, and on the other hand, only the scattered 
components are detected by the photodetector (2) 6. 
[0018] Then, when the outputs of the photodetectors are 
weighted by the amplifiers (1) 18 and (2) 19 in accordance with 
the angles of detection and differentiated by the differential 
amplifier 20, the scattered components are canceled, whereby 
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only the rectilinear components in accordance with absorbency 
on the optical axis of the object to be examined are detected. 
Furthermore, the drive unit (1) 24 and drive unit (2) 2 5 are 
controlled by the computer 22 to move and rotate the object 
1 to be examined, whereby the rectilinear components are 
detected from various directions of the object 1 to be examined, 
and by using an image reconstruction algorithm similar to the 
X-ray CT, a near infrared tomographic image of the object to 
be examined, that is, a living body can be obtained. 
[0 019] Since the shape of the object 1 to be examined is not 
circular in usual cases, when the object to be examined is moved 
and rotated, the distances between the object 1 to be examined 
and photodetectors (1) 5 and (2) 6 change. Therefore, the 
distances are made constant by the rangefinding means and 
position control means. 

[0020] Light with a wavelength having low permeability into 
the object to be examined, for example, green light with the 
second high frequency of YAG light is employed as light to be 
generated from the rangefinding light source (2) 12, unlike 
the near infrared light generated from the light source (1) 
4. This light is irradiated onto the object 1 to be examined 
from the photodetector side so as to match with the optical 
axis of the light source (1) 4 by the dichroic mirror 13.. Then, 
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near infrared light from the light source (1) 4 is eliminated 
by the optical filter (2) 15, and the image of scattered green 
light on the surface of the object to, be examined is formed 
on the line sensor 11 by image forming lens 10 . The image forming 
lens 10 and line sensor 11 are disposed so that, with respect 
to the movement of green scattered light in the direction of 
the optical axis, the image of this scattered light moves on 
the line sensor 11, and therefore, when the scattered light 
moves in the direction of the optical axis, the position at 
which the image of the scattered light is formed on the line 
sensor 11 changes in accordance with this movement. Therefore, 
the drive unit (3) 17 is feedback-controlled by the control 
unit 16 so that the light distribution is detected by the line 
sensor 11, that is, the position becomes fixed to drive the 
X stage 9. Thereby, the distances of the photodetectors (1) 
5 and (2)6 and the object 1 to be examined are always maintained 
to be constant. 

[0021] As mentioned above, according to the present embodiment, 
even in a case where the distances between the object to be 
examined and photodetectors change, by displacing the 
photodetectors in accordance with the change, the distances 
between the photodetectors and the object to be examined can 
be always maintained to be constant. Therefore, since light 



that exited from the intersection of the surface of the object 
to be examined and the optical axis of the irradiated light 
beam can be always detected, scattered components can be 
suppressed with excellent accuracy, and a high quality 
tomographic image of the living body can be reconstructed. 
[0022] In addition, as the rangefinding means, a device which 
makes measurements by using ultrasonic waves in place of light, 
that is, measures the distances from the time differences of 
reflected echo signals of ultrasonic waves can be used. 
Furthermore, when detecting rectilinear components from the 
object to be examined, the light source (1) 4 and light source 
(2) 12 can be caused to successively irradiate light. In this 
case, the optical filter (1) 14 and optical filter (2) 15 are 
not necessary. 

[0023] Fig. 2 and' Fig. 3 relate to the second embodiment of 
the invention, wherein Fig. 2 is a construction explanatory 
view showing the construction of the optical tomographic 
imaging device, and Fig. 3 is a waveform diagram showing the 
reflected light components detected by the photodetectors . 
[0024] The second embodiment is an example of a device in which 
pulsed light is irradiated onto an object to be examined to 
obtain a tomographic image from the reflected light. 
[0025] As shown in Fig. 2, the optical tomographic imaging 
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device comprises pulse laser 31 for generating pulsed light 
of picosecond order; half mirror 32 for overlapping the pulsed 
light with the irradiation detecting optical axis; lens 34 for 
guiding the pulsed light to the light guide (1) 33 for 
transmission; collimator (1) 35 which is disposed to detect 
light containing, rectilinear components and scattered 
components reflected along the same optical axis as the 
irradiation optical axis upon irradiating the pulsed light on 
the object 1 to be examined; collimator (2) 3 6 which is disposed 
on an axis at a predetermined angle from the irradiation optical 
axis to detect only scattered .components in the reflected light 
of the pulsed light; light guide (2) 37 which is connected to 
the collimator (2) 36 to transmit the reflected light of the 
pulsed light; and streak camera 3 8 for measuring time analyzed 
waveforms of the pulsed light detected by the collimators (1) 
35 and (2) 3 6 and light guides (1) 33 and (2) 37. 
[0026] The front ends of the collimators (1) 35 and (2) 36 and 
light guides (1) 33 and (2) 37 are disposed on the XYZ stage 
3 9 which is movable in the XYZ directions . Furthermore, control 
unit 39, which detects the distances between the object 1 to 
be examined and collimators from the rise time of the pulsed 
.light obtained from the streak camera 38, and controls and moves 
the positions of the collimators (1) 35 and (2) 3 6 in the optical 
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axis direction so that the distances become constant, and drive 
unit 40, which drives the XYZ stage 3 9 in accordance with drive 
signals from the control unit 39 and displaces the collimators 

(1) 35 and (2) 36, are provided. Herein, since the positions 
for detection of the reflected pulsed light are determined 
depending on the positions of the collimator (1) 35, light guide 

(1) 33, collimator (2) 3 6 and light guide (2) 37, the distances 
between the collimators (1) 3 5 and (2) 3 6 and the object 1 to 
be examined are in proportion to the distances between the 
photodetectors and the object to be examined. 

[0027] In addition, signal processing unit 41 is provided, 
which operates the time analyzed waveforms of the pulsed light 
obtained from the streak camera 3 8 and cancels the scattered 
components to obtain reflected pulsed light having less 
scattered components in accordance with the absorbency on the 
optical axis of the object 1 to be examined, and the signal 
processing unit is connected to the computer 42 . The computer 
42 reconstructs an optical tomographic image from the signals 
of the reflected pulsed light obtained by the signal processing 
unit 41 and displays the image on display unit 43. 

[0028] In addition, in order to synchronize the sweep timing 
of the streak camera 38 with the pulsed light, beam sampler 
44 disposed on the optical path of exit light from the pulse 
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laser 31 and photodiode 45 for converting the pulsed light 
detected by the beam sampler 44 into electric pulses are 
provided and connected to the streak camera 38. 
[0029] Next, action of the present embodiment shall be 
described. First, when near infrared pulsed light generated 
from the pulse laser 31 is irradiated onto the object 1 to be 
examined through the half mirror 32, lens 34, light guide. (1) 
33, and collimator (1) 35, a part of the pulsed light is 
transmitted and a part of the pulsed light is reflected while 
spreading widely due to scattering caused by the tissue. The 
pulsed light which has been thus reflected while spreading is 
detected by the streak camera 3 8 through the collimator (1) 

35 and light guide (1) 33 which are correctly positioned on 
the irradiation optical axis. On the other hand, pulsed light 
at certain angles from the irradiation optical axis are 
detected by the streak camera 3 8 through the collimator (2) 

36 and light guide (2) 37. The reflected pulsed light detected 
by the streak camera 38 is as shown in Fig.. 3 (a) and Fig. 3 (b) . 
[0030] In Fig. 3(a), the pulse waveform at the zero time is 
a waveform immediately after the pulse that exited from the 
pulse laser 31, and the waveform thereafter is a pulse waveform 
on the optical axis, which rises at the time delay T in 
accordance with the distances between the body 1 to be examined 
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and the collimator (1) 35 and light guide (1) 33, and is 
reflected by the surface and inside of the object to be examined 
and spreads as time elapses. Furthermore, Fig. 3(b) is a 
reflected pulse waveform detected by the collimator (2) 3 6 and 
light guide (2) 37 which are disposed at certain angles from 
the optical axis. Herein, the time delay T of Fig. 3(a) accords 
with the optical path length of the light which has been 
irradiated onto the object 1 to be examined and reflected by 
its surface, that is, the distances between the object 1 to 
be examined and the front end faces of the collimator and light 
guide, so that the XYZ stage 39 is controlled and moved in the 
optical axis direction by the control unit 39 and drive unit 
40 so that the time delay T becomes constant, and the 
collimators (1) 35 and (2) 36 and light guides (1) 33 and (2) 
37 are displaced, whereby the distances between the object to 
be examined and photodetectors can be maintained to be 
constant . 

[0031] Then, the time analyzed waveforms thus obtained by the 
streak camera 3 8 are operated for each time by the signal 
processing unit 41, whereby scattered components are canceled, 
and reflected pulsed light upon which the influence of 
scattering is small can be obtained. The time waveform of this 
reflected pulsed light in which the scattered components are 
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canceled is shown in Fig. 3(c) . Furthermore, the XYZ stage 39 
is moved on a plane perpendicular " to the optical axis, time 
analyzed waveforms in the same manner as' mentioned above are 
found at each point, and an optical tomographic image of the 
inside of the object to be examined is constructed by the 
computer 42 and .displayed on the display, unit 43 . 
[0032] Thus, according to the present embodiment, when 
obtaining rectilinear components of the pulsed light reflected 
from the object to be examined, as in the first embodiment, 
the distances between the object to be examined and 
photodetectors can be always maintained to be constant, and 
light that exited from the intersection of the surface of the 
object to be examined and the optical axis of the irradiated 
light beam can be always detected, so that scattered components 
can be suppressed with excellent accuracy. 

[0033] In addition, the distances between the object to be 

examined and photodetectors can be measured by using the 

rangefinding means shown in the first embodiment. 

[0034] Fig. 4 is a construction explanatory view showing the 

construction of the main part of the optical tomographic 

imaging device relating to the third embodiment of the 

invention. 

[0035] The third embodiment is an example. in which, in place 
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of the means for changing the positions of the photodetectors 
shown in the first .embodiment, a means for changing the 
detection angle of the second photodetector (the angles of the 
collimator (2) 8 and photodetector (2) 6), whereby light that 
exited from the intersection between the surface of the object 
to be examined and the optical axis of the pulsed light can 
be detected. 

[0036] As shown in Fig. 4, A/0 polarizer (acoustic oscillator 
polarizer) 45 is disposed immediately before the collimator 

(2) 8 which can change the polarization angle by oscillating 
a vibrator. In addition, control unit 46, which controls the 
polarization angle of the A/0 polarizer 45 based on the 
distances between the object 1 to be examined and 
photodetectors detected by the rangef inding means- as in the 
first embodiment, and drive unit 47, which outputs drive 
signals to the A/0 polarizer 45, are provided. Other parts in 
the construction are the same as those in the first embodiment, 
so that the same parts have the same symbols attached to them, 
and description thereof is omitted. 

[0037] The image of scattered light in the light irradiated 
onto the object 1 to be examined by the same rangef inding light 
source (2) 12 is formed on the line sensor 11, and at this time, 
the image of the scattered light on the line sensor 11 moves 
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in accordance with the distances between the object 1 to be 
examined and photodetectors (1) 5 and (2) 6. Then, based on 
the light intensity distribution on the line sensor 11, the 
distances between the object 1 to be examined and 
photodetectors are calculated by control unit 46, and the A/0 
polarizer 45 is driven by the control unit 46 and drive unit 
47 based on the "distance data to change the polarization angle 
of the A/0 polarizer 44. Thereby, the detection angle of the 
photodetector (2) 6 is made to accord with the intersection 
between the optical axis of the irradiated light beam and the 
surface of the object to be examined. . 

[0038] The beam components detected by the photodetectors (1) 
5 and (2) 6 are supplied to the amplifier (1) 18 and amplifier 

(2) 19, and a tomographic image of the object to be examined 
is generated in the same manner as in the first embodiment. 
At this time, the outputs of the photodetectors are weighted 
by the amplifier. (2) 19 in accordance with change in the 
detection angle. 

[0039] Thus, according to the' present embodiment , by changing 
the detection angle of the second photodetector, since light 
that exited from the intersection between the surface of the 
object to be examined and the optical axis of the irradiated 
light beam can be always detected, the scattered components 
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can be suppressed with excellent accuracy, whereby an 
tomographic image with excellent resolution can be obtained. 
[0040] Fig. 5 is a construction explanatory view showing the 
construction of the main part of ..the optical tomographic 
imaging device relating to the fourth embodiment of the 
invention. 

[0041] The fourth embodiment is an example of a device having 
a means for mechanically making the distances between the 
object to be examined and photodetectors constant. 
[0042] As shown in Fig. .5, the optical tomographic imaging 
device comprises cylindrical fixing part 51 and front end 
component 52 which is movable in the axis direction of this 
fixing part 51 and has the photodetectors (1) 5 and (2) 6 and 
collimators (1) 7 and (2) 8 installed inside. The 
photodetectors (1) 5 and (2) 6 and collimators (1) 7 and (2) 
8 are fixed at predetermined positions inside the front end 
component 52, and transparent member 53 made from a material 
which transmits light, for example, optical glass, is disposed 
at the front end side of. the front end component 52 . The front 
end face of this transparent member 53 is positioned at the 
intersection of the optical axes of the collimators (1) 7 and 
(2) 8. Elastic member 54 which presses the front end component 
52 forward is provided between the rear end face of the front 


-23- 



end component 52 and fixing part 51. That is, in this device, 
the transparent member 53 and object 1 to be examined are 
contacted with each other by a constant force, and the front 
end component 52 is moved in accordance with' the- shape of the 
surface of the object 1 to be examined so that the contact 
surface (the surface of the object 1 to be examined) of the 
transparent member 53 and the object 1 to be examined becomes 
the intersection of the optical axes of the collimators (1) 
7 and (2) 8. The fixing part 51 fixes the front end component 
52 to an unillustrated movable stage so as to move and scan 
the object 1 to be examined. The photodetectors (1) 5 and (2) 
6 are connected to amplifiers (1) 18 and (2) 19, and other parts 
are constructed in the same manner as in the first embodiment. 
[0043] According to the construction mentioned above, since 
the surface of the object 1 to be examined always becomes the 
intersection of the optical axes of the collimators (1) 7 and 
(2) 8, the photodetectors (1) 5 and (2) 6 can detect the light 
that exited from the intersection of the surface of the object 
to be examined and the optical axis of the irradiated light 
beam. Therefore, scattered components can be suppressed with 
excellent accuracy, whereby a tomographic image with excellent 
resolution can be obtained. Furthermore, since the object 1 
to be examined and the transparent member 53 are contacted with 
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each other to mechanically make the distances between the 
object to be examined and the photodeteotors constant, the 
abovementioned effects can be easily realized at a low cost 
without provision of special electric circuits and drive units . 
[0044] Fig. 6 is a construction explanatory view showing the 
construction of the optical tomographic imaging device 
relating to the fifth embodiment of the invention. 
[0045] In Japanese Patent Application No. Hei-5-259914 which 
has previously applied, the present applicant has proposed a 
device for obtaining a tomographic image inside the organs in 
a body cavity by using light . The fifth embodiment is an example 
in which the spatial difference method using reflected light 
shown in the second embodiment is applied to an endoscope 
comprised of a bundle of thin fibers which can be inserted into 
the organs in a body cavity. 

[0046] As shown in Fig. 6, the optical tomographic imaging 
device is comprised of endoscope 57 equipped with a long and 
thin insertable portion 56 to be inserted into the body cavity 
internal organ 55, and an analyzer 58 which irradiates pulsed 
light and obtains an optical tomographic image from the 
reflected light. The same components as those of the second 
embodiments have the same symbols attached to them, and 
description thereof is omitted. 
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[0047] The insertable portion 56 comprises Y-shaped light guide 
59 # in which one front end side has a concentric 2-layer 
structure, and the two layers at the other end side are 
separated into two fiber bundles in order to irradiate 
irradiation pulsed light to the body cavity internal organ 55 
and detect the reflected light , and prism 61, which is rotatably 
adhered to disk-shaped gear 60 in order to irradiate the 
irradiation pulsed light in the circumferential direction of 
the front end part 56a of the insertable portion while rotating 
the light. The gear 60 engages with gear 63 successively 
provided at the front end of the rotation shaft extended from 
motor 62, and by the rotation of the motor 62, the prism 61 
rotates, and the irradiation pulsed light is scanned in the 
circumferential direction of the front end part 56a. Encoder 
64 is provided in succession from the motor 62, and the values 
of the amount and position of rotation of the motor 62 are 
inputted into control unit 65 connected to the encoder 64. 
[0048] Focusing lens 66, which can change the focal length in 
order to detect light irradiated onto the body cavity internal 
organ 55 and reflected from the surface and inside thereof, 
and collimator 67, which restricts the solid angle for 
detection of the reflected- light, are disposed between the 
light guide 59 and prism 61. The focusing lens 66 is disposed 
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on rack-and-pinion mechanism 69 which moves the focal position 
of the focusing lens 66 in accordance with the distance between 
the body cavity internal organ 55 and light exit surface 68, 
and the rotation shaft extended from motor 7 0 is connected to 
this rack-and-pinion mechanism 69. That is, by the rotation 
of the motor 70, the focusing lens 66 is displaced and the focal 
length is changed. Encoder 71 is provided in succession from 
the motor 70, and the encoder 71 is connected to the control 
unit 65 in the same manner as mentioned above, and the values 
of the amount and position of rotation of the motor 71 can be 
inputted into the control unit. 

[0049] In addition, in the analyzer 58, control unit 65, which 
measures the distance between the light exit surface 68 and 
body cavity internal organ 55 from the pulse waveform obtained 
from the streak camera 38, and drive units 72 and 73, which 
drives the motors 62 and 70 in accordance with drive signals 
from the control unit 65 to displace the prism 61 and focusing 
lens 66, are provided. 

[0050] Furthermore, although not illustrated, a light source, 
light guide, objective lens, image guide, and eyepiece for 
observation of an endoscopic image are provided in the present 
device. 

[0051] Next, an action of the present embodiment shall be 
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described. Pulsed light that exited from the pulse laser 31 
is guided to fiber bundle 59a at the center part side of the 
light guide 59 having the concentric 2-layer structure, and 
then irradiated onto the body cavity internal organ 55 as shown 
by the solid line in the figure. This irradiated pulsed light 
spreads widely in spatial terms due to scattering caused by 
the organ tissue. Herein, the reflected light of the pulsed 
light is received by the light guide 59 having the concentric 
2-layer structure through the focusing lens 66 and collimator 
67, whereby, in the light scattered and reflected from the 
inside of the organ, the light reflected on the optical axis 
as shown by the solid line in the figure is detected by the 
fiber bundle 59a at the center side, and the light deviating 
from the optical axis as shown by the dashed line in the figure 
is detected by the fiber bundle 59b at the outer circumferential 
side. The detected reflected light is guided to the analyzer 
5 8 and time analyzed waveforms of the pulsed light are measured. 
At this time, the solid angle which can be detected by the center 
side fiber bundle 59a and the solid angle which can be detected 
by the circumferential side fiber bundle 59b are set to be the 
same . 

[0052] Then, the control unit 65 measures the time delay at 
the rising portion of the reflected pulsed light, .and 
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calculates the distance between the light exit surface 68 and 
the body cavity internal organ 55 based on the result of 
measurement. In accordance with the detected distance, the 
drive unit 73 displaces the focusing lens 66 so that the focal 
position of the lens is at the surface of the body cavity 
internal organ, whereby light from the intersection of the 
surface of the body cavity internal organ and the optical axis 
of the irradiated pulsed light is always detected. 
[0053] In addition, the prism 61 is rotated by driving the motor 
62 by the drive unit 72 to scan the pulsed light in the 
circumferential direction of the insertable portion 56. Based 
on time analyzed waveforms of the reflected pulsed light in 
the various directions which have been obtained by the scanning, 
a tomographic image is reconstructed by the computer 42 and 
displayed on the display unit 43. 

[0054] Thus, the focusing lens 66 is controlled so that the 
focal position is at the surface of the body cavity internal 
organ, and light from the. intersection of the surface of the 
body cavity internal organ and the optical axis of the 
irradiated pulsed light is detected, whereby the influence of 
light scattering can be eliminated with excellent accuracy in 
the same manner as in the second embodiment, and an optical 
tomographic image with high resolution can be obtained. In 


-29- 



addition, according to the present embodiment , since the device 
can be made to approach the organ from the inside of a living 
body cavity, the application range can be widened to the brain, 
heart, stomach, and intestine. 

[0055] Fig. 7 is a construction explanatory view showing the 
construction of the optical tomographic imaging device 
relating to the sixth embodiment of the invention.. 
[0056] The sixth embodiment is an example of a device in which 
modulated light is used in place of the pulsed light in the 
second embodiment, and scattered light components are 
suppressed by differentiating a phase difference signal of the 
modulated light. 

[0057] As shown in Fig. 7, the optical tomographic imaging 
device comprises light source 81 for generating continuous 
light within the near infrared range, light modulator 82 for 
changing the intensity of light from the light source 81 in 
accordance with the time elapse, and oscillator 83 for 
generating a reference signal for modulation in the light 
modulator 82 at extremely high periods , for example, at periods 
of 1G Hz. Modulated light emitted from the light modulator 82 
is reflected by the half mirror 13 and irradiated to the object 
1 to be examined in the same manner as the first embodiment. 
In order to detect the reflected light from the object 1 to 
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be examined, photodetectors (1) 84 and (2) 85 are provided which 
response in. a time much shorter than the abovementioned 
modulation period, and collimators (1) 7 and (2) 8 are disposed 
in front of these photodetectors. 

[0058] The photodetectors (1) 84 and (2) 85 are connected to 
phase detection unit (1) 86 and phase detection unit (2) 87 
which detect the phase of the light detected in synchronization 
with the oscillator 83. These phase detection units (1) 86 and 

(2 ) 87 are connected to signal processing unit 88 which operates 
output signals of phase detection to suppress scattered 
components, and a tomographic image is reconstructed by the 
computer 42 based on the output of the signal processing unit 
88 and displayed on the display unit 43. 

[0059] Herein, although not illustrated, a position control 
means is provided for controlling the positions of the 
photodetectors so that the distances between the object 1 to 
be examined and photodetectors (1) 84 and (2) 85 become constant 
in the same manner as the abovementioned embodiments. 

[0060] In addition, as the device shown in the first embodiment, 
the construction in which light transmitted through the object 
to be examined is detected can be employed. 

[0061] First, a reference signal of approximately 1G Hz is 
generated by the oscillator 83 . When the light modulator 82 
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is driven by this reference signal, the intensity of a 
continuous light beam emitted from the light source 81 is 
modulated at approximately 1G Hz. When this modulated light 
is irradiated onto the object 1 to be examined, the phases of 
the reflected light and transmitted light shift due to light 
scattering. The light whose phases have shifted are detected, 
by the photodetectors (1) 84 and (2) 85 in the same manner as 
the abovementioned embodiments, and the respective phase 
delays are detected by the phase detection units (1) 86 and 
(2) 87. 

[0062] Herein, if the phase delays detected by the phase 
detection units are 10 degrees, the distance of light advance 
during the delays is 18.75mm. That is, the same effects as in 
the abovementioned embodiments using the pulsed light can be 
obtained in detection of the phases of modulated light. 
Scattered components are suppressed by operating the phases, 
which has been obtained by the phase detection units (1) 86 
and (2) 87, by the signal processing unit 88, and only the phase 
corresponding, to the irradiation optical axis is measured. 
Based on the measured phase, a tomographic image is 
reconstructed by the computer 42. 

[0063] Thus, even in the case of using the modulated light, 
as the case of using the pulsed light, scattered components 
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can be suppressed with excellent accuracy. 

[0064] Fig. 8 is a construction explanatory view showing the 
construction of the optical tomographic imaging device 
'relating to the seventh embodiment of the invention. 

[0065] Prior ly, in a case where oxygen saturation of hemoglobin, 
myoglobin, and cytochrome is measured, absorbency of near 
infrared light of each of 2 through 4 kinds of wavelengths is 
determined, and simultaneous equations with respect to the 
absorbency are calculated. The seventh embodiment is an example 
of an optical tomographic imaging device suitable for the 
measurement of hemoglobin, etc. 

[0066] As shown in Fig. 8, the optical tomographic imaging 
device comprises, as light sources, pulse laser 91 for 
generating pulsed light of picosecond order, dye laser (1) 92 

(wavelength: Al) and dye laser (2) 93 (wavelength: A2 ) which 
generate pulsed light whose wavelengths are different from that 
of the abovementioned pulsed light (wavelength: AO) as an 
exciting light. In front of the pulse laser 91, half mirror 
94 is disposed to split the pulsed light with a wavelength of 
AO into two, and in front of the dye laser (2) 93, dichroic 
mirror 95 which overlap the pulsed light with Al and pulsed' 
light with A2 so that they are matched with each other in terms 
of timing and space. In addition, symbol 96 in the figure is 
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a total reflecting mirror on which aluminum is vapor-deposited . 
The pulsed light with wavelengths is to be irradiated onto" the 
object 1 to be examined so that the optical axes and time- 
rises coincide with' each other. 

[0067] At a position opposite to the irradiated pulsed light 
from the object 1 to be examined, collimator 97, which is 
comprised of a lens and a pinhole to detect transmitted light 
of the pulsed light at a certain light receiving angle, and 
dichroic mirror 98, which splits the transmitted light into 
a wavelength of XI and a wavelength of A2 again, are disposed. 
Also, Y-shaped light guide (1) 99 and light guide (2) 100 are 
disposed so as to be orthogonal to the incident optical axis, 
each of which detects each transmitted light, and has one end 
of a concentric 2 -layer structure and other end divided into 
two fiber bundles according to each layer so as to separate 
light on the optical axis and light deviating from the optical 
axis. Herein, the fiber lengths of the light guide (1) 99 and 
light guide (2) 10 0 are made equal to each other so that the 
timings of the detected pulsed light are prevented from being 
different. 

[0068] In addition, the streak camera 38, etc. which measure 
the time analyzed waveforms of each detected pulsed light are 
constructed in the same manner as in the second embodiment, 
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and have the same symbol attached to them, and description 
thereof is omitted. 

[0069] In this embodiment, pulsed light with a wavelength of 
AO is generated by the pulse laser 91. This pulsed light is 
split into two by the half mirror 94, and one half of the light 
is irradiated to the dye laser (1) 92, and the other half is 
irradiated to the dye laser (2) 93 to excite pulsed light with 
near infrared wavelengths of Al and A2 which are different from 
the wavelength AO. The pulsed light with Al and A2 are 
overlapped by the dichroic mirror 95 so as to coincide with 
each other in terms of timing and space, and when this pulsed 
light is irradiated onto the object 1 to be examined, the pulsed 
light spreads in terms of time and space due to light scattering 
caused by tissue . The spread light is detected by the collimator 
97 disposed at the transmission side of the irradiated pulsed 
light, and split into the wavelengths of Al and A2 again by 
the dichroic mirror 98. Furthermore, the light with the 
wavelengths are individually received by the light guide (1) 
99 and light guide (2) 100 having a concentric 2-layer structure 
so that light on the optical axis which contains rectilinear 
components and scattered components and light deviating from 
the optical axis which contains only scattered components are 
separately detected, and the light is guided to the streak 
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camera 38. In the streak camera 38, four optical pulse time 
analyzed waveforms are simultaneously obtained, and the 
wavelengths thereof are operated by the operation unit 41, 
whereby the scattered components are suppressed, and 
information on the local oxygen saturation of hemoglobin, etc. 
is obtained. 

[0070] Thus, by using pulsed light with two wavelengths, local 
oxygen saturation of hemoglobin, etc. , can be obtained. As in 
the abovementioned embodiments, by providing a position 
control means which displaces the collimator 97, etc., in 
accordance with the distance to the object -1 to be examined, 
the scattered components can be suppressed with excellent 
accuracy. 

[0071] Furthermore, detectors such as the collimators and light 
guides can be disposed to the opposite side so as to detect 
light reflected from the object 1 to be examined. 
[0072] The refractive index of living body tissue is as large 
• as approximately n=1.4 in comparison with the refractive index 
in air (n=1.0) . Therefore, in a case where a tomographic image 
of the object to be examined, living body tissue in the air 
by using light, light refraction and reflection occur at the 
boundary between the air and the object to be examined, 
resulting in the occurrence of a large virtual image at the 
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tomographic image boundary surface. In order to eliminate 
occurrence of such a virtual image, in Japanese Patent 
Application No. Hei-3-60801, the present applicant has 
proposed a device in which a light transmitting member such 
as a buffer solution having almost the same refractive index 
as that of the object to be examined is provided around the 
object to be examined, whereby refraction when transmitting 
light is suppressed. Hereinafter, an example is shown in which 
a means for suppressing a virtual image due to changes in the 
refractive index is applied to the abovementioned optical 
tomographic imaging device. 

[0073] Fig. 9 and Fig. 10 show an example of a device suitable 
for diagnosis of the luminal organs such as the intestine and 
blood vessels. Fig. 9 shows the construction of the front end 
part of the insertable portion for optical imaging scanning. 
[0074] At the front end side of front end part 111 of the 
insertable portion, doughnut -shaped elastic film 112 made from 
a transparent elastic material with high light transmittance 
is provided, and buffer solution 114 composed of a transparent 
liquid having a refractive index equal to that of the luminal 
organ 113 is filled in the inside surrounded by the elastic 
film 112 in a manner enabling it to be increased and decreased. 
When making measurement, the elastic film 112 is expanded by 
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increasing the buffer solution 114 and adhered with the luminal 
organ 113, whereby the refractive index between light exit 
surface 115 and luminal organ surface 116 is made equal to that 
of the luminal organ 113 . By this arrangement, light refraction 
due to the organ surface is reduced, and the occurrence of a 
virtual image is suppressed, so that an excellent tomographic 
image can be obtained. In addition, the light exit surface 115 
is set to be perpendicular to the optical axis, and a reflection 
prevention film is applied on the surface. 

[0075]. Next, the details of the present embodiment shall be 
described with reference to Fig. 10. Fig. 10 is a sectional 
view showing the construction of the inside of the front end 
part 111 of the insertable portion. 

[007 6] The inside of the front end part 111 the insertable 
portion is constructed in the same manner as the fifth 
embodiment shown in Fig. 6, and has the same symbols and 
description thereof is omitted. The front end side of the front 
end part 111 of the insertable portion is covered by transparent 
member 117 so as to transmit light. 

[0077] As mentioned above, the elastic film 112 is provided 
outside the transparent member 117, and the front end and rear 
end of this elastic film 112 are fixed to the front end part 
111 of the insertable portion, by presser plate 119 and thread 
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120, respectively. In addition, tube 121 for feeding the buffer 
solution 114 inside the elastic film 112 is inserted inside 
the insertable portion, and the front end side of the tube is 
opened to the inside of the elastic film 112. Tank 122 is 
provided at the rear end side of the tube 121, inside which 
the buffer solution 114 is filled. Pump 123 is connected -to 
the tank 122 , and by operating the pump 123 , the buffer solution 
114 inside the elastic film 112 is increased or decreased. 
[0078] When inserting the insertable portion into a luminal 
organ, the buffer solution 114 inside the elastic film 112 is 
absorbed by the pump 123 so that the insertable portion can 
be easily inserted, and the light exit surface 115 and elastic 
film 112 are adhered to each other and the diameter of the 
portion decreases. When measuring, the buffer solution 114 
inside the tank 122 is supplied inside the elastic film 112 
through the tube 121 by pump 123, and filled between the elastic 
film 112 and light exit surface 115 until the elastic film 112 
is adhered with the luminal organ 113. Thus,, if light is 
irradiated in a condition where, there is no space between the 
luminal organ surface 116 and elastic film 112, that is, in 
a condition where changes in the refractive index are small 
between the. light exit surface 115 and luminal organ surface 
116, light reflected and scattered inside the luminal organ 
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advances without being influenced by the refractive index. 
Therefore, light on the optical axis and light deviating from 
the optical axis can be detected with excellent accuracy. 
[0079] Furthermore, the present applicant has proposed a device 
suitable for measurement of an optical tomographic image of 
a body cavity internal organ in Japanese Patent Application 
No. Hei-2-259916 . In Fig. 11, an example in which a means for 
reducing a virtual image due to changes in the refractive index 
is applied to the optical tomographic imaging device suitable 
for the non-tubular organ such as the stomach and ventricle. 
[0080] The optical tomographic imaging device of the- present 
example comprises long and thin insertable portion 131 to be 
inserted into a body cavity internal organ, analyzer 132 to 
which the insertable portion 131 is connected, and which 
reconstructs an optical tomographic image from the detected 
reflected light, scanning drive unit 134 for scanning front 
end part 133 of the insertable portion 131 for measurement of 
data necessary for reconstruction of an optical tomographic 
image, light source unit 135 for endoscopic observation, and 
display unit 13 6 which is connected to the analyzer 132 to 
display an optical tomographic image. 

[0081] The insertable portion 131 is long and thin and has 
flexibility so as to be insertable into a body cavity internal 
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organ, elastic film 137 is provided to cover the front end part 
133 of the insertable portion 131, and buffer solution 114 
having a refractive index equal to that of the organ is filled 
inside the elastic film 137. In addition, at the front end part 
133, observation window 13 9 for normal endoscopic observation, 
illumination window 140, measurement window 14 for measurement 
of an optical tomographic image, and channel 142 for 
jetting-out and absorbing the buffer solution 114 are provided. 
The channel 142 is communicated with tube 143 inserted inside 
the insertable portion 131. The other end of the tube 143 is 
connected to buffer solution .increasing and decreasing unit 
146 which is comprised of tank 144 filled with buffer solution 
114 and pump 145 . 

[0082] Light guide 147 is connected to the illumination window 
140, and this light guide 147 is inserted inside the insertable 
portion 131 and connected to the light source unit 135. This 
light source unit 135 comprises lamp 148 for emitting 
illumination light and lens 149 for guiding the illumination 
light to the light guide 147.. An unillustrated objective lens 
is provided at the observation window 139, and at .the image 
forming position of this objective lens, the front end face 
of image guide 150 is disposed. The image guide 150 is inserted 
inside the insertable portion 131 and connected to ocular part 
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152 equipped with eyepiece 151. 

[0083] One end of light transmitting fiber 153 and_ one end of 
light receiving fiber 154 are connected to the measurement 
window 141, the other end of the light transmitting fiber 153 
is connected via lens 155 to picosecond laser 156 which 
generates pulsed light, and the other end of the light receiving 
fiber 154 is connected via lens 157 to streak camera 158 which 
measures light in the form of time analysis. The streak camera 
158 is connected to processing unit 159, and time analyzed 
waveforms obtained by the streak camera 158 are operated by 
the processing unit 159 to reconstruct a tomographic image. 
Furthermore, control unit 160 which controls scanning when 
reconstructing a tomographic image is provided, and the unit 
controls the picosecond laser 156, processing unit 159, and 
scanning drive unit 134 to measure data necessary for 
reconstruction of a tomographic image. 

[0084] As the example of Fig. 10 mentioned above, light 
refraction is prevented by filling the buffer solution 114 
inside the elastic film 137. When inserting the insertable 
portion into a body cavity internal organ, the buffer solution 
114 inside the elastic film 137 is absorbed so that the portion 
is easily inserted, and the elastic film 137 is adhered with 
the front end part 133 and the diameter becomes smaller. On 
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the other hand, when measuring, the buff er solution 114 inside 
the tank 144 is made to flow inside the elastic film 137 through 
the tube 143 and channel 142 by the pump 145 and filled until 
the elastic film 137 is adhered with the portion 161 to be 
measured. Then, if light is irradiated and made to scan in a 
condition where no space exists between the portion 161 to be 
measured and elastic film 137, that is, in a condition where 
changes in the refractive index are small between the 
measurement window 141 and the portion 161 to be measured, light 
reflected and scattered inside the portion to be measured 
advances without being influenced by the refractive index. 
Therefore, light on the optical axis and light deviating from 
the optical axis can be detected with excellent accuracy. 
[0085] Fig. 12 shows an example of a device in which only an 
optical fiber for obtaining an optical tomographic device is 
covered by the elastic film. In this example, channel 163 , into 
which optical fiber 162 for obtaining an optical tomographic 
.image, is inserted is provided in the insertable portion 131.. 
In addition, as the example shown in Fig. 11 mentioned above, 
observation window 139 and illumination window 140 are provided. 
Inside the channel 163, sheath 164 one end of which projects 
from the front end part 133 and the other end of which is 
connected to the tank 144, and optical fiber 162 for 
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transmitting and receiving pulsed light which is inserted 
inside the sheath 164 are disposed. At the portion of the sheath 
164 projecting from the front end part 133, elastic film 165 
is provided so as to cover the optical fiber 162, and buffer 
solution 114 is filled inside the film. 

[0086] According to this example, since the observation window 
139 is not surrounded by the elastic film 165, observation of 
an endoscopic image can be easily made, and the device can be 
•used as a normal endoscope by extracting the sheath 164. 
[0087] Furthermore, an example of a device without an elastic 
film is shown in Fig. 13. As shown in the figure, this example 
is constructed in the same manner as that of Fig. 11 except 
for provision of elastic film 137. 

[0088] In a case where the portion 161 to be measured is a 
depressed portion, as in this example, the buffer solution 114 
is directly filled around the portion 161 to be measured, and 
the front end part 133 of the insertable portion is disposed 
so that the front end surface is positioned inside the buffer 
solution 114, whereby an optical tomographic image is measured 
in the same manner as mentioned above. 

[0089] According to this example, since the buffer solution 
is directly filled in the body cavity internal organ, there 
is no possibility that air that causes light refraction enters 
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between the portion to be measured and the light irradiation 
surface, so that measurement with higher accuracy is possible. 
[0090] 

[Effects of the Invention] As described above, according to 
the invention, regardless of the distances between an object 
to be examined and the photodetectors, light emitted from the 
intersection of the surface of the object to be examined and 
the light beam's optical axis can be detected, whereby 
scattered light components can be suppressed with excellent 
accuracy, and a tomographic image with excellent resolution 
can be easily obtained. 
[BRIEF DESCRIPTION. OF THE DRAWINGS] 

[Fig. 1] A construction explanatory view showing the 
construction of the optical tomographic imaging device 
relating to the first embodiment of the invention. 

[Fig. 2] Fig. 2 and Fig. 3 relate to the second embodiment of 
the invention, wherein Fig. 2 is a construction explanatory 
view showing the construction of the optical tomographic 
imaging device. 

[Fig. 3] A waveform diagram showing the reflected light 
components detected by the photodetectors. 

[Fig. 4] A construction explanatory view showing the 
construction of the main part of the optical tomographic 
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imaging device relating to the third embodiment of the 
invention. 

[Fig. 5] A construction explanatory view showing the 
construction of the main part of the optical tomographic 
imaging device relating to the fourth embodiment of the 
invention. 

[Fig. 6] A, construction explanatory view showing the 
construction of the optical tomographic imaging device 
relating to the fifth embodiment of the invention. 

[Fig. 7] • A construction explanatory view showing the 
construction of the optical tomographic imaging device 
relating to the sixth embodiment of the invention. 

[Fig. 8] A construction explanatory view showing the 
construction of the optical tomographic imaging device 
relating to the seventh embodiment of the invention. 

[Fig. 9] A construction- explanatory view showing an example 
of the optical imaging scanning means suitable for diagnosis 
of the luminal organs . 

[Fig. 10] A sectional explanatory view showing the detailed 
construction of the optical imaging scanning means of Fig. 9. 
[Fig. 11] A construction explanatory view showing an example 
of the optical tomographic imaging device having a means for 
reducing the influence of changes in the refractive index, 
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which is suitable for diagnosis of non-tubular organs. 
[Fig. 12] A construction explanatory view showing an example 
of the device in which only the optical fiber for obtaining 
an optical tomographic image is covered by the elastic film 
as a means for reducing the influence of changes in the 
refractive index. 

[Fig. 13] A construction explanatory view showing an example 
of the device which has a means for reducing the influence of 
changes in the refractive index without an elastic film. 
[Description of Symbols] 

I ■•■ object to be examined 
4 1 -" light source 

5, 6 photodetector 

7, 8 "*■ collimator 

9 ••• X stage for photodetectors 

II ■■■ line sensor 

12 rangefinding light source 

16 ■■' control unit 

17 ■"* drive unit 
18, 19 ■■■ amplifier 

20 •■■ differential amplifier 

22 ■■• computer 

23 ■■" display unit 
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